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Description
TECHNICAL FIELD

[0001] The presentinvention relates to the communi-
cations field, and in particular, to a method and an appa-
ratus for allocating a memory space with a write-combine
(WC, Write Combine) attribute.

BACKGROUND

[0002] As a solution to device interconnection in a sys-
tem, the Peripheral Component Interconnect Express
(PCle, Peripheral Component Interconnect Express) bus
technology has been very popular. The PCle bus tech-
nology features high performance, low delay, low power
consumption, excellent scalability, strong interference
immunity, and the like. The current standard has evolved
to PCI Express V3.0, and a maximum bus frequency of
8.0 G and a data bit width of 32 lanes (lane) may provide
a transmission bandwidth up to 8.0 * 32 * 2 = 512 Gbps.
In view of the advantages of PCle transmission, it has
currently been used for inter-system interconnection,
from which a non-transparent bridge (NTB, Non Trans-
parent Bridge) technology is derived.

[0003] RefertoFIG. 1, which is a structural diagram of
an NTB transmission system that applies the PCle bus
technology in the prior art, and where a specific data flow
is marked and data is transmitted between a first system
and a second system through a PCle bus between NT
ports (port) of two PCle switches (Switch).

[0004] ReferringtoFIG. 1, initiating, by the first system,
writing data into a memory of the second system may be
divided into the following five processes:

Process 1. A first central processing unit (CPU) of
the first system acquires data from a first memory
module and initiates a memory write request to a first
northbridge, where a destination address of the
memory write request is an address of a first NT port
of a first PCle switch.

Process 2. After translating the destination address,
the first northbridge forms a memory write transac-
tion-layer packet (TLP, Transaction Layer Packet)
on a first root complex (RC, Root Complex) module
and sends it to the first PCle switch.

Process 3. After decoding the memory write TLP,
the first PCle switch converts the destination address
of the memory write TLP into a corresponding ad-
dress of a second memory module by using an ad-
dress translation table on the first NT port and sends
the memory write TLP after destination address
translation to a second PCle switch through a second
NT port.

Process 4. As an active device, the second PCle
switch sends the memory write TLP to a second
northbridge through a second root complex.
Process 5. The second northbridge depacketizes the
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memory write TLP, converts it into the memory write
request, and sends it to the second memory module
to complete the memory write task.

[0005] In the foregoing processes for writing data into
the second memory module, the memory write TLP is
generated by the first root complex of the first northbridge
and is terminated by the second root complex of the sec-
ond northbridge. Valid payload (payload) of the memory
write TLP remains unchanged all the time, and only a
destination address and a source identity (ID) of a packet
header change because of address translation on the
first NT port.

[0006] However, PCle transmission efficiency =
Number of bytes of valid payload/(Number of bytes of
valid payload + Header length)), a length of the TLP pack-
et header is determined by a type of an access command
and cannot be changed, and therefore the larger the valid
payload transmitted by the TLP at a time, the higher the
transmission efficiency of PCle is.

[0007] In process 1, the length of valid payload carried
in the memory write request initiated by the first CPU to
the first northbridge determines the valid payload of the
memory write TLP assembled by the first root complex
on the first northbridge. Unfortunately, when a CPU is
used to move data, a memcopy (memcopy) instruction
is generally used, and alength of the carried valid payload
is only 4 bytes. This point has been proved by capturing,
by a logical analyzer, TLPs on a PCle bus.

[0008] The write combining technology may combine
data of multiple memcopy instructions, and then the first
CPU initiates afirst memory write request, sends the data
to the first northbridge at a time, thereby achieving the
purpose of acquiring relatively large valid payload and
improving the PCle transmission efficiency. The write
combining technology may be used when data is written
into a memory space with a write-combine attribute, and
the data is not temporarily stored and may be internally
combined by the CPU as a single write operation, thereby
reducing the number of times of memory access. There-
fore, setting a memory space of the first NT port of the
first PCle switch to the write-combine attribute may be
expected to improve the PCle transmission efficiency in
the first system shown in FIG. 1. Completed tests show
that: When the write combining technology is not used,
valid payload of the memory write TLP is only 4 bytes;
and after the write combining technology is used, valid
payload of the memory write TLP may be changed into
alength of a cacheline, that is, 128 bytes. After the write
combining technology is used on a known model, the
entire transmission performance improves by two times,
and the PCle transmission efficiency improves by about
four times.

[0009] However, currently, it is a relatively tough prob-
lem to allocate a memory space with a write-combine
attribute to an NT port of a PCle switch.

[0010] In an existing method for allocating a memory
space with a write-combine attribute, the write-combine
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attribute is added to a memory space of a device by mod-
ifying, by a user in a manual manner on an operating
system, a memory type range register (MTRR, Memory
Type Range Register) attribute table.

[0011] However, modifications made to the MTRR at-
tribute table must follow a rule, for example, a size of a
memory must strictly be an integral power of 2, or a start-
ing address of the memory must be aligned with a limit
of the size of the memory, and this may cause, when the
write-combine attribute is added to a memory space of
a certain device, damage to a starting address and a
memory size of another memory space subsequent to
the memory space, and as a result, the another memory
space subsequent to the memory space must be re-split.
However, an algorithm for re-allocating the subsequent
memory space is complex and not easy to implement; in
addition, a method for re-allocating the subsequent mem-
ory space that meets the foregoing rule cannot always
be found, and therefore, the method for manually modi-
fying the memory space of the device to the write-com-
bine attribute is not reliable.

[0012] US 2006 095609 A1 discloses Write-combining
in a computer system that uses a push mode. the method
comprises creating one or more packets having a de-
scriptor and the data associated with detected write
transactions stored in the buffer assigned to a write-com-
binable range in response to a flush request to flush the
buffer, and sending (pushing) these packets to the net-
work 1/O device.

[0013] US 2005 066 108 A1 introduces a method for
allocating address space resources to resource request-
ing peripheral devices in an efficient manner. Resource
requests are gathered forenumerated peripheral devices
host by a computer platform. A map containing resource
alignment requirements is built, and a virtual resource
allocation map is computed based on aggregated re-
source requests and the alignment requirements.
[0014] US 2008 147 959 A1 provides a method for in-
itializing shared memaories for sharing endpoints across
a plurality of root complexes.

SUMMARY

[0015] Embodiments of the present invention provide
a method and an apparatus for allocating a memory
space with a write-combine attribute, so as to allocate a
memory space with a write-combine attribute to a device
in a more reliable manner and by using a relatively simple
allocation method.

[0016] According to a first aspect, the embodiments of
the present invention provides a method for allocating a
memory space with a write-combine attribute, including:

determining, when resources of devices are
scanned, a type and a size of a resource required
by each device, where the type includes a write-com-
bine memory space;

after the scanning of the resources of the devices is
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completed, determining, according to a size of a
write-combine memory space required by each first
device, a total size of write-combine memory spaces
required by all first devices, where the first devices
are devices whose resource types include the write-
combine memory space; and determining a starting
address used to allocate a write-combine memory
space to the first devices, where the starting address
is located subsequent to memory spaces allocated
to memory modules and a non-write-combine mem-
ory space allocated to the devices; and

allocating, from the starting address, one memory
space jointly to all the first devices according to the
total size, and allocating, from the memory space, a
sub-memory space to each first device according to
the size of the write-combine memory space required
by each first device.

[0017] With reference to the first aspect, in a first pos-
sible implementation manner, the method further in-
cludes:

for each first device, writing a starting address of the
sub-memory space corresponding to the first device
into a write-combine base address register of the
first device, where the write-combine base address
register refers to a base address register corre-
sponding to the write-combine memory space;
writing address information of the one memory space
into a write-combine base address register and a
write-combine limit register on a Root Complex mod-
ule, RC, where the write-combine base address reg-
ister refers to a base address register corresponding
to the write-combine memory space, and the write-
combine limit register refers to a limit register corre-
sponding to the write-combine memory space; and
setting the one memory space to the write-combine
attribute.

[0018] With reference to the first aspect and/or the first
possible implementation manner, in a second possible
implementation manner, the determining a type of a re-
source required by each device includes:

checking a write-combine attribute flag bit of a device
whenitis determined that a resource required by the
device is a memory space; and

determining whether the type of the resource of the
device is a write-combine memory space according
to the write-combine attribute flag bit.

[0019] With reference to the second possible imple-
mentation manner, in a third possible implementation
manner, at least one bit in the third to the sixth bits in a
base address register of the device is preset to the write-
combine attribute flag bit of the device; and

the checking a write-combine attribute flag bit of a device
includes: checking the write-combine attribute flag bit in
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the base address register of the device.

[0020] With reference to the first aspect, the first pos-
sible implementation manner, the second possible im-
plementation manner, and/or the third possible imple-
mentation manner, in a fourth possible implementation
manner, after the scanning of the resources of all the
devices is completed and before one memory space is
allocated jointly to all the first devices, the method further
includes:

determining whether a total size of free memory
spaces subsequentto the starting address is notless
than the total size of the write-combine memory
spaces required by all the first devices; and

when it is determined that the total size of the free
memory spaces subsequent to the starting address
is not less than the total size of the write-combine
memory spaces required by all the first devices, per-
forming the step of allocating one memory space
jointly to all the first devices.

[0021] With reference to the first aspect, the first pos-
sible implementation manner, the second possible im-
plementation manner, the third possible implementation
manner, and/or the fourth possible implementation man-
ner, in a fifth possible implementation manner, the deter-
mining a starting address used to allocate the write-com-
bine memory space to the first devices includes:

acquiring a pre-stored memory address and using
the memory address as the starting address; or
according to the maximum address decoding range
supported by a CPU, using an address correspond-
ing to a preset ratio of the maximum address decod-
ing range as the starting address; or

using a memory address that is subsequent to a
memory space corresponding to a high end memory
module and a preset length away from the memory
space corresponding to the high end memory mod-
ule as the starting address.

[0022] With reference to the first aspect, the first pos-
sible implementation manner, the second possible im-
plementation manner, the third possible implementation
manner, the fourth possible implementation manner,
and/or the fifth possible implementation manner, in a
sixth possible implementation manner, after the one
memory space is allocated jointly to all the first devices
and before address information of the one memory space
is written into a write-combine base address register and
awrite-combine limitregister on a Root Complex module,
RC, the method further includes:

adjusting a size of the one memory space according
to a rule of an integral power of 2; and adjusting a
starting address of the one memory space according
to an address alignment rule.
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[0023] With reference to the first aspect, the first pos-
sible implementation manner, the second possible im-
plementation manner, the third possible implementation
manner, the fourth possible implementation manner, the
fifth possible implementation manner, and/or the sixth
possible implementation manner, in a seventh possible
implementation manner, the setting the one memory
space to the write-combine attribute includes:

calling an interface provided by an operating system,
and marking, through the interface, an attribute cor-
responding to the one memory space in the CPU as
the write-combine attribute; or

calling aninterface provided by a BIOS, and marking,
through the interface, an attribute corresponding to
the one memory space in the CPU as the write-com-
bine attribute.

[0024] According to a second aspect, the embodi-
ments of the present invention provides an apparatus for
allocating a memory space with a write-combine at-
tribute, including:

a first determining unit, configured to, when resourc-
es of devices are scanned, determine a type and a
size of a resource required by each device, where
the type includes a write-combine memory space;
a second determining unit, configured to, after the
scanning of the resources of the devices is complet-
ed, determine, according to a size of a write-combine
memory space required by each first device, a total
size of write-combine memory spaces required by
all first devices, where the first devices are devices
whose resource types include the write-combine
memory space;

a third determining unit, configured to determine a
starting address used to allocate a write-combine
memory space to the firstdevices, where the starting
address is located subsequent to memory spaces
allocated to memory modules and a non-write-com-
bine memory space allocated to each device; and
an allocating unit, configured to allocate, from the
starting address, one memory space jointly to all the
first devices according to the total size, and allocate,
from the one memory space, a sub-memory space
to each first device according to the size of the write-
combine memory space required by each first de-
vice.

[0025] With reference to the second aspect, in a first
possible implementation manner, the method further in-
cludes:

afirst writing unit, configured to, for each first device,
write a starting address of the sub-memory space
corresponding to the first device into a write-combine
base address register of the first device, where the
write-combine base address register refers to a base



7 EP 2 763 045 B1 8

address register corresponding to the write-combine
memory space;

a second writing unit, configured to write address
information of the one memory space into a write-
combine base address register and a write-combine
limit register on an RC, where the write-combine
base address register refers to a base address reg-
ister corresponding to the write-combine memory
space, and the write-combine limit register refers to
a limit register corresponding to the write-combine
memory space; and

a declaring unit, configured to set the one memory
space to the write-combine attribute.

[0026] With reference to the second aspect and/or the
first possible implementation manner, in a second pos-
sible implementation manner, the first determining unit
is specifically configured to:

check a write-combine attribute flag bit of a device
when itis determined that aresource required by the
device is a memory space; and

determine whether the type of the resource of the
device is a write-combine memory space according
to the write-combine attribute flag bit.

[0027] With reference to the second possible imple-
mentation manner, in a third possible implementation
manner, at least one bit in the third to the sixth bits in a
base address register of the device is preset to the write-
combine attribute flag bit of the device; and

the first determining unit implements the checking of the
write-combine attribute flag bit of the device in the follow-
ing manner: checking the write-combine attribute flag bit
in the base address register of the device.

[0028] With reference to the second aspect, the first
possible implementation manner, the second possible
implementation manner, and/or the third possible imple-
mentation manner, in a fourth possible implementation
manner, the method further includes:

a determining unit, configured to, after the scanning
of the resources of all devices is completed and be-
fore one memory space is allocated jointly to all the
first devices, determine whether a total size of free
memory spaces subsequent to the starting address
is not less than the total size of the write-combine
memory spaces required by all the first devices,
where:

correspondingly, the allocating unit is specifical-
ly configured to: when the determining unit de-
termines that the total size of the free memory
spaces subsequentto the starting address is not
less than the total size of the write-combine
memory spaces required by all the first devices,
allocate, from the starting address, the one
memory space jointly to all the first devices ac-
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cording to the total size, and allocate, from the
one memory space, a sub-memory space to
each first device according to the size of the re-
source required by each first device.

[0029] With reference to the second aspect, the first
possible implementation manner, the second possible
implementation manner, the third possible implementa-
tion manner, and/or the fourth possible implementation
manner, in a fifth possible implementation manner, the
third determining unit is specifically configured to:

acquire a pre-stored memory address and use the
memory address as the starting address; or
according to the maximum address decoding range
supported by a CPU, use an address corresponding
to a preset ratio of the maximum address decoding
range as the starting address; or

use a memory address that is subsequent to a mem-
ory space corresponding to a high end memory mod-
ule and a preset length away from the memory space
corresponding to the high end memory module as
the starting address.

[0030] With reference to the second aspect, the first
possible implementation manner, the second possible
implementation manner, the third possible implementa-
tion manner, the fourth possible implementation manner,
and/or the fifth possible implementation manner, in a
sixth possible implementation manner, the allocating unit
is further configured to: after the one memory space is
allocated jointly to all the first devices, adjust a size of
the one memory space according to a rule of an integral
power of 2 and adjust a starting address of the one mem-
ory space according to an address alignment rule.
[0031] With reference to the second aspect, the first
possible implementation manner, the second possible
implementation manner, the third possible implementa-
tion manner, the fourth possible implementation manner,
the fifth possible implementation manner, and/or the sixth
possible implementation manner, in a seventh possible
implementation manner, the declaring unit is specifically
configured to:

call an interface provided by an operating system,
and mark, through the interface, an attribute corre-
sponding to the one memory space in the CPU as
the write-combine attribute; or

call an interface provided by a BIOS, and mark,
through the interface, an attribute corresponding to
the one memory space in the CPU as the write-com-
bine attribute.

[0032] According to a third aspect, the embodiments
of the present invention provides a system according to
claim 17.

[0033] Inthe embodiments of the present invention, a
type and a size of a resource required by each device is
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determined when resources of devices are scanned,
where the type includes a write-combine memory space;
after the scanning of the resources of the devices is com-
pleted, a total size of write-combine memory spaces re-
quired by all first devices is determined according to a
size of a memory space required by each first device,
where the first devices are devices whose resource types
include the write-combine memory space; in addition, a
starting address used to allocate a write-combine mem-
ory space to the first devices is determined, where the
starting address is located subsequent to memory spac-
es allocated to memory modules and a non-write-com-
bine memory space allocated to the devices; and one
memory space is allocated, from the starting address,
jointly to all the first devices according to the total size,
and a sub-memory space s allocated, from the one mem-
ory space, to each first device according to the size of
the write-combine memory space required by each first
device. Because the starting address is located subse-
quent to the memory spaces allocated to the memory
modules and the non-write-combine memory space al-
located to each device. This ensures that a memory
space allocated to devices

whose resource types is a write-combine memory is lo-
cated subsequent to the memory spaces of the memory
modules and the memory spaces with a non-write-com-
bine attribute, and therefore a memory space with anoth-
er attribute and the memory spaces of the memory mod-
ules are not affected when an attribute of the memory
space is set to the write-combine attribute; in addition,
one memory space is allocated jointly to all the first de-
vices, it only needs to consider that the one memory
space meets modification rules when the one memory
space is set to the write-combine attribute, and as a re-
sult, an algorithm for setting the memory space to the
write-combine attribute is simple, easy toimplement, and
more reliable.

BRIEF DESCRIPTION OF DRAWINGS

[0034] To describe the technical solutions in the em-
bodiments of the presentinvention orin the prior art more
clearly, the following briefly introduces the accompanying
drawings required for describing the embodiments. Ap-
parently, the accompanying drawings in the following de-
scription show merely some embodiments of the present
invention.

FIG. 1 is a schematic structural diagram of an NTB
transmission system;

FIG. 2 is a first example of an MTRR attribute table;
FIG. 3 is a second example of an MTRR attribute
table;

FIG. 4 is a schematic diagram of a relationship be-
tween a first system and a BIOS;

FIG. 5 is a schematic diagram of a first embodiment
of a method for allocating a memory space with a
write-combine attribute in the present invention;
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FIG. 5A is an example of a structure of a memory
space of a system;

FIG. 6 is a schematic diagram of a second embodi-
ment of a method for allocating a memory space with
a write-combine attribute in the present invention;
FIG. 6A is a schematic structural diagram of a base
address register on a device;

FIG. 7 is a flowchart of a method for scanning, by a
BIOS, device resources in the present invention;
FIG. 8 is a schematic diagram of a first embodiment
of an apparatus for allocating a memory space with
a write-combine attribute in the present invention;
FIG. 8A is a schematic diagram of a second embod-
iment of an apparatus for allocating a memory space
with a write-combine attribute in the present inven-
tion;

FIG. 8B is a schematic diagram of a third embodi-
ment of an apparatus for allocating a memory space
with a write-combine attribute in the present inven-
tion; and

FIG. 9 is a schematic structural diagram of a system
according to an embodiment of the present inven-
tion.

DESCRIPTION OF EMBODIMENTS

[0035] Itshould be noted that: A bootloader (bootload-
er), such as a basic input/output system (BIOS, Base
Input/Output System) or an extensible firmware interface
(EFI, Extensible Firmware Interface), is a program stored
in a memory, for example, an erasable programmable
read-only memory (EPROM, Erasable Programmable
ROM) or an electrically erasable programmable read-
only memory (EEPROM, Electrically Erasable Program-
mable ROM); an operating system is also a program
stored in a certain memory, for example, a hard disk; and
the operating system and the BIOS are run by a CPU.
An executor in the embodiments of the present invention
is described as a BIOS, a bootloader, an operating sys-
tem, or the like, so as to distinguish which program is
executed by the CPU to implement specific processing
in a step.

[0036] A method for allocating, by the BIOS, a memory
space with a write-combine attribute to a device in the
prior art includes the following main steps:

Step 1: The BIOS allocates a memory space to a
PCle device and writes a starting address of the
memory space into a base address register (BAR,
Base Address Register) of the device. An attribute
of the memory space is usually set to uncacheable
(uncacheable) herein. In addition, a set size of the
required memory space has been stored in the base
address register of the device, and therefore itis only
required herein that the starting address of the mem-
ory space be written into the base address register
of the device.

Step 2: An operating system records a result of mem-
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ory space allocation performed by the BIOS.

Step 3: The operating system maintains an attribute
table of memory spaces in the entire system. For
example, a Linux system records, in a /proc/mtrr at-
tribute table, an attribute of each memory space al-
located to each device.

Step 4: Query, according to the attribute table, a
memory space corresponding to an NT port, and
then manually modify the attribute of the memory
space to the write-combine attribute.

[0037] AnMTRR attribute table is used as an example.
Refer to FIG. 2, which is an MTRR attribute table of a
system displayed on a general server after a certain PCle
card is inserted. The MTRR attribute table is formed by
attribute records of multiple memory spaces.

[0038] One line in the MTRR attribute table indicates
an attribute configuration of one memory space. The fore-
going figure shows that the system includes five memory
spaces. Using a memory space reg01 as an example,
meanings of fields are explained as follows:

Reg01: sequence number of an attribute record of
the memory space;

Base=0x800000000: A starting address of the mem-
ory space is base;

Size=16384MB: The size of the memory space is
16384M bytes, where 1M = 1024 * 1024;
Write-back: The attribute of the memory space is
write-back (write-back); and when an attribute of a
memory space is write-back, a write instruction sent
to the memory space indicates writing into a cache
(cache), and it is writing into the memory space only
when necessary, for example, flushing the memory;
and

Count=1: No specific meaning is found.

[0039] The following rules must be followed when a
modification is made to an attribute of a certain memory
space in the MTRR attribute table:

1. A size of a memory space must strictly be an in-
tegral power of 2;

2. a starting address of the memory space must be
aligned with a limit of the size of the memory space,
and in other words, the size of the memory space
must be exactly divided by the starting address of
the memory space;

3. the number of records of memory space attributes
is limited, and the number of records that a user ap-
plies the operating system is 10; and

4. only an uncacheable attribute and another mem-
ory attribute can jointly match a same memory
space, an attribute of the jointly matched memory
space is uncacheable and other attributes of the
memory space are overwritten. For example, in the
foregoing figure, a memory space with a
base=0xbf800000 and a size=8MB defined by reg04
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and a memory space defined by reg00 are partly
overlapped, and an attribute of the part of the mem-
ory space (0xbf800000-0xc0000000) is uncachea-
ble.

[0040] Because the foregoing rules must be followed
and these rules are primarily determined by an internal
register of a processor, it becomes very inconvenient to
modify an attribute of a memory space of a device. Mod-
ifying one memory space to the write-combine attribute
may cause damage to a size and a starting address of
another memory space subsequent to the memory
space, and as a result, the memory space subsequent
to the memory space must be re-split, thereby sharply
increasing the number of records of memory attributes.
[0041] Forexample, in an MTRR attribute table shown
in FIG. 2, a memory space allocated by a BIOS to an NT
port of a PCle switch has a base=0xd0000000 and a
size=256MB; and an MTRR file after a large number of
calculations and modifications is shown in FIG. 3, where
the number of memory spaces increases from 5 to 10
because of a modification made to the write-combine at-
tribute of reg03, and in the modification process, a large
number of calculations are required so as to meet the
foregoing modification rules.

[0042] Insummary,ifthe memory space with the write-
combine attribute is allocated to the NT port by modifying
the MTRR attribute table in a manual manner, an algo-
rithm for re-allocating the subsequent memory space is
complex and is hard to implement; in addition, a method
for re-allocating the subsequent memory space that
meets the foregoing rules cannot always be found, and
therefore the method for manually modifying the memory
space of the device to the write-combine attribute is not
reliable.

[0043] For this reason, embodiments of the present
invention provide a method and an apparatus for allocat-
ing a memory space with a write-combine attribute, so
as to allocate a memory space with a write-combine at-
tribute to a device, for example, an NT port, in a more
reliable manner and by using a relatively simple alloca-
tion method.

[0044] The method and the apparatus in the present
invention may apply to a scenario including a first system
and a second system shown in FIG. 1. When a first CPU
of the first system writes data into a second memory mod-
ule ofthe second system, inthe presentinvention,aBIOS
and an operating system described below referto a BIOS
and an operating system that correspond to the first sys-
tem, and the described device refers to a PCle device in
the first system.

[0045] A relationship between the first system shown
in FIG. 1 and a bootloader or a relationship between the
second system shown in FIG. 1 and the bootloader is
shown in FIG. 4. Hardware corresponds to the first sys-
tem or the second system; the bootloader, such as the
BIOS or an EFI, completes resource allocation and reg-
ister initialization for devices in the hardware system,
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stores a resource allocation result into an advanced con-
figuration and power interface (ACPI, Advanced Config-
uration and Power Interface) table, and transmits it to an
operating system (OS, Operation System) kernel, for ex-
ample, a Linux kernel; the OS kernel parses the ACPI
table, a PCl scanning module updates a structure of ker-
nel data of a PCl device resource according to aresource
configuration in the ACPI table; and software driven by
a PCle switch masks transmission details of an NTB at
alower layer and encapsulates an NT port as a standard
network interface card device for a protocol stack.
[0046] The following clearly and completely describes
the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings
in the embodiments of the present invention.

[0047] Refer to FIG. 5, which is a schematic diagram
of a firstembodiment of a method for allocating a memory
space with a write-combine attribute in the present in-
vention. The method includes the following steps:

Step 501: Determine, when resources of devices are
scanned, a type and a size of a resource required
by each device, where the type includes a write-com-
bine memory space.

[0048] The determining a type of a resource required
by each device includes: checking a write-combine at-
tribute flag bit of a device when it is determined that a
resource required by the device is a memory space; and
determining whether the memory required by the device
is a write-combine memory space according to the write-
combine attribute flag bit.

[0049] Preferentially, at least one bit in the third to the
sixth bits in a base address register of the device may
be preset to the write-combine attribute flag bit of the
device. Correspondingly, the checking a write-combine
attribute flag bit of a device may include: checking the
write-combine attribute flag bit in the base address reg-
ister of the device.

[0050] Step 502: After the scanning of the resources
of the devices is completed, determine, according to a
size of a write-combine memory space required by each
first device, a total size of write-combine memory spaces
required by all first devices, where the first devices are
devices whose resource types include the write-combine
memory space; and determine a starting address used
to allocate a write-combine memory space to the first
devices, where the starting address is located subse-
quent to memory spaces allocated to memory modules
and a non-write-combine memory space allocated to
each device.

[0051] The completing the scanning of the resources
of the devices may include: completing scanning of re-
sources of all devices in a system that applies the allo-
cation method, or completing scanning of resources of
preset devices that require resource scanning in a sys-
tem that applies the allocation method, or the like. Details
about how to represent that the scanning of the resources
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ofthe devicesis completed may be determined according
to practical application situations, and no further details
are provided herein.

[0052] Each device may require not only one type of
resources, for example, it may concurrently require a
write-combine memory space and an uncacheable mem-
ory space or concurrently require a write-combine mem-
ory space and an |0 resource.

[0053] Step 503: Allocate, from the starting address,
one memory space jointly to all the first devices according
to the total size.

[0054] After the scanningis completed and before one
memory space is allocated jointly to all the first devices,
the method may further includes:

determining whether a total size of free memory
spaces subsequentto the starting addressis notless
than the total size of the write-combine memory
spaces required by all the first devices; and

when it is determined that the total size of the free
memory spaces subsequent to the starting address
is not less than the total size of the write-combine
memory spaces required by all the first devices, per-
forming the step of allocating one memory space
jointly to all the first devices.

[0055] Step504:Allocate, fromthe one memory space,
a sub-memory space to each first device according to
the size of the write-combine memory space required by
each first device.

[0056] No limitations are set herein on how to allocate,
from the one memory space, a sub-memory space to
each first device as long as the size of the write-combine
memory space required by each first device is met.
[0057] Description about step 502-step 504 is as fol-
lows:

As shown in FIG. 5A, a memory space of a system
may generally be divided into the following four parts:
amemory space corresponding to alow end memory
module, a device memory space, a memory space
corresponding to a high end memory module, and
an unused memory space. In certain systems that
do not have a high end memory module, a memory
space corresponding to a high end memory module
does not exist, and only the other three parts are
included. In addition, when a BIOS allocates a mem-
ory space to a device, allocation is generally per-
formed within an address range of 2G-4G.

[0058] In the prior art, write-combine memory spaces
allocated by a BIOS to first devices are also located in
the device memory space and mix with memory spaces
with a non-write-combine attribute that are allocated by
the BIOS to the devices. Therefore, if an attribute of a
memory space of a first device is modified to a write-
combine attribute, this may affect memory spaces sub-
sequent to the memory space.
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[0059] In this embodiment of the present invention,
however, the starting address used to allocate a write-
combine memory space to the first devices is located
subsequent to the memory spaces allocated to the mem-
ory modules and the non-write-combine memory space
allocated to each device, that is, being located in the un-
used memory space, thereby ensuring that free memory
spaces are subsequent to the memory space jointly al-
located to all the first devices in step 503, and there are
no memory spaces with another attribute that are allo-
cated to the devices or memory spaces allocated to the
memory modules, and therefore another memory space
is not affected when an attribute of the memory space
jointly allocated to all the first devices is subsequently
modified to the write-combine attribute, that is, there is
no need to modify an attribute, such as a starting address,
an ending address, and a space size, of the another
memory space.

[0060] In addition, all the first devices are jointly allo-
cated with one memory space in step 503, so that when
the memory space is declared to have the write-combine
attribute, it only needs to consider that the one memory
space meets the foregoing modification rules, where the
processing process is simple, the calculation amount is
small, and the implementation is easy compared with the
prior art.

[0061] In this embodiment, one memory space is allo-
cated jointly to all first devices from a starting address
according to a total size of write-combine memory spaces
required by the first devices; a sub-memory space is al-
located to each first device from the one memory space
according to a size of a write-combine memory space
required by each first device; the starting address is lo-
cated subsequent to memory spaces allocated to mem-
ory modules and a non-write-combine memory space al-
located to each device. This ensures that free memory
spaces are subsequent to the memory space allocated
to the first devices and there are no memory spaces al-
located to the memory modules or memory spaces with
a non-write-combine attribute that are allocated to the
devices, therefore memory spaces of another memory
and memory module of a device are not affected when
an attribute of the one memory space is declared to be
a write-combine attribute; in addition, one memory space
is allocated jointly to all the first devices, there are no
memory spaces subsequent to the memory space, and
it only needs to consider that the one memory space
meets the foregoing modification rules when the one
memory space is declared to have the write-combine at-
tribute, and therefore an algorithm for declaring the mem-
ory space to have the write-combine attribute is simple,
easy to implement, and more reliable.

[0062] Refer to FIG. 6, which is a schematic diagram
of a second embodiment of a method for allocating a
memory space with a write-combine attribute in the
presentinvention. ABIOS serving as abootloaderis used
as an example in the method. The method includes the
following steps:
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Step 601: Preset at least one bit in the third to the
sixth bits in a base address register of a device to a
write-combine attribute flag bit of the device.

[0063] As shown in FIG. 6A, bit0-bit3 in the base ad-
dress register of the device are internal hard connection
lines of chip logic according to a PCle protocol, are read-
only and cannot be written, and declare a requirement
of the device for a system resource, where:

Bit0 is an indicator of a memory space, bit0 setto 0
indicates a memory space, and bit0 set to 1 indicates
an |/O space;

Bit1-bit2 are used to indicate a decoding manner of
a device, bit2 set to 1 and bit1 set to 0 indicate that
the device performs decoding according to 64 bits,
and if a device that requires a resource whose type
is a write-combine memory space is allocated with
a high memory space of more than 4G in this em-
bodiment, it needs to declare that the decoding is
performed according to the 64 bits; and

Bit3 is a prefetchindicator. Bit3 indicates thata mem-
ory area of a device may be accessed according to
a cache line when it is accessed. As specified in the
PCI/PCle protocol, a device that supports prefetch
definitely supports write combining.

Bit4-bit6 are reserved bits and not defined, an un-
certain result is generated for writing or reading of
these bits, and generally, Ob is returned for reading
and invalid for writing.

[0064] Preferentially, one bit in bit4-bit6, for example,
bit4, may be used as the write-combine attribute flag bit
in this step to indicate that this device needs to apply for
a memory space with a write-combine attribute. In this
case, for the device that requires a resource whose type
is a write-combine memory space, for reading the base
address register of the device, bit6:0 returns 0011100b;
and for writing into the base address register of the de-
vice, bit6:0 does not have any change.

[0065] Alternatively, preferentially, bit3, a prefetch bit,
may also be used as the write-combine attribute flag bit
in this step to indicate that this device supports prefetch
and meanwhile needs to apply for a memory space with
a write-combine attribute. For reading the base address
register of the device, bit6:0 returns 0001100b; and for
writing into the base address register of the device, bit6:0
does not have any change.

[0066] Certainly, this step may also be implemented in
other manners, and no further details are provided here-
in.

[0067] Generally, when at least one bit in the third to
the sixth bits in the base address register of the device
is preset to the write-combine attribute flag bit of the de-
vice in this step, a specific value of the write-combine
attribute flag bit may be directly written into the base ad-
dress register of the device during production of the de-
vice.
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[0068] Step 602: The BIOS determines, by performing
scanning of resources of all devices, a type and a size
of a resource required by each device.

[0069] The type of the resource may include: a write-
combine memory space, an uncacheable memory
space, and an input/output (I0) resource. The write-com-
bine memory space refers to a memory space with a
write-combine attribute, and the uncacheable memory
space refers to a memory space with an uncacheable
attribute.

[0070] Referring to FIG. 7, the following steps may be
included when a resource of each device is scanned:

Step 701: The BIOS acquires a size of a resource
required by a device.

[0071] As shown in FIG. 6A, the size of the resource
required by the device is generally stored in a lower part
ofabase addressinabase address register ofthe device,
and therefore in this step, the BIOS may directly read the
size of the resource required by the device from the lower
part of the base address in the base address register of
the device.

[0072] Step 702: The BIOS determines whether the
resource required by the device is a memory space, and
if yes, performs step 703; and if no, performs step 706.
[0073] If the resource required by the device is not a
memory space, this indicates that the resource required
by the device is an 10 resource.

[0074] Referring to FIG. 6A, bit0 in the base address
register of the device is a memory space indicator, and
therefore in step 702, whether the resource required by
the device is a memory space may be determined ac-
cording to bit0 bit in the base address register of the de-
vice.

[0075] Step 703: The BIOS determines whether the
memory space required by the device has a write-com-
bine attribute, and if it has the write-combine attribute,
performs step 704; and if it does not has the write-com-
bine attribute, which indicates that the memory space
has an uncacheable attribute, performs step 705.
[0076] Referring to FIG. 6A and step 601, the write-
combine attribute flag bit is set in the base address reg-
ister of the device, and therefore in step 703, whether
the memory space required by the device has the write-
combine attribute may be determined according to the
write-combine attribute flag bit.

[0077] Step 704: The BIOS determines that a type of
the resource required by the device is a write-combine
memory space.

[0078] Step 705: The BIOS determines that a type of
the resource required by the device is an uncacheable
memory space.

[0079] Step 706: The BIOS determines that a type of
the resource required by the device is an 10 resource.
[0080] In step 602, when performing the scanning of
the resources of all the devices, the BIOS may sequen-
tially scan a resource of each device and may also con-
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currently scan resources of multiple devices, and no lim-
itations are set herein.

[0081] Step 603: The BIOS separately calculates a to-
tal size of write-combine memory spaces, a total size of
uncacheable memory spaces, and a total size of 10 re-
sources required by the devices; and the BIOS deter-
mines a starting address used to allocate a write-combine
memory space to first devices, where the starting ad-
dress is located subsequent to memory spaces allocated
to memory modules and a non-write-combine memory
space allocated to each device.

[0082] The determining, by the BIOS, a starting ad-
dress used to allocate the memory space to first devices
may include:

(1) Acquire a pre-stored memory address and use the
memory address as the starting address.

[0083] For example, a memory address may be pre-
stored, and in this step, the BIOS directly reads the pre-
stored memory address and uses it as the starting ad-
dress, where the memory address should also be located
subsequentto memory spaces allocated to other devices
exceptthefirstdevices and allocated to the memory mod-
ules.

[0084] Generally, as shown in FIG. 5A, the pre-stored
memory address should also be located subsequent to
a memory space corresponding to the high end memory
module, for example, 0xC000000000.

[0085] Alternatively, (2) according to the maximum ad-
dress decoding range supported by a CPU, use an ad-
dress corresponding to a preset ratio of the maximum
address decoding range as the starting address.
[0086] The BIOS may acquire, by checking a model of
the CPU, the maximum address decoding range support-
ed by the CPU, for example, certain CPUs support 36bit
address decoding, and the maximum address decoding
range supported by the CPUs is 64 GB; and certain CPUs
support 40bit address decoding, and the maximum ad-
dress decoding range supported by the CPUs is 1 TB.
According to the maximum address decoding range sup-
ported by the CPU, the BIOS may use the address cor-
responding to the preset ratio, for example, 3/4, of the
maximum address decoding range as the starting ad-
dress.

[0087] Alternatively, (3) use a memory address that is
subsequent to the memory space corresponding to the
high end memory module and a preset length away from
the memory space corresponding to the high end mem-
ory module as the starting address.

[0088] Generally, a memory module is initialized be-
fore a PCle device is initialized, and the BIOS may allo-
cate a corresponding resource to the PCle device only
after amemory space is allocated to the memory module.
Therefore, one address thatis subsequent to the memory
space corresponding to the high end memory module
may be selected as the starting address according to the
memory spaces allocated to the memory modules. For
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details about how to selectthe one address as the starting
address, no limitations are set herein.

[0089] Step 604: The BIOS determines whether a size
of a free memory space subsequent to the starting ad-
dress is not less than the total size of the write-combine
memory spaces required by the devices, and if yes, per-
forms step 605; otherwise, resource allocation ends.
[0090] Step 605: The BIOS determines whether a size
of a free memory space between 2G and 4G is not less
than the total size of the uncacheable memory spaces,
and if yes, performs step 606; otherwise, resource allo-
cation ends.

[0091] Currently, the BIOS generally allocates a mem-
ory space between 2G and 4G to each device as a mem-
ory space required by the device. However, the present
invention does not set a limitation to a specific location
of the memory space, and a memory address range be-
tween 2G and 4G is only exemplary.

[0092] Step 606: The BIOS determines whether a size
of free 10 resources is not less than the total size of the
10 resources, and if yes, performs step 607; otherwise,
resource allocation ends.

[0093] Step 607: The BIOS allocates, from the starting
address, one memory space jointly to all the first devices
and allocates, from the one memory space, a sub-mem-
ory space to each first device according to a size of a
resource required by each first device.

[0094] Step 607 may further include: adjusting a size
ofthe one memory space accordingtoarule of anintegral
power of 2; and adjusting a starting address of the one
memory space according to an address alignment rule.
[0095] Forexample, the size of the one memory space
is 15 MB, and the starting address is 0xC00000000; then,
15 MB needs to be adjusted to 32 MB (25 power of 2)
according to the rule of an integral power of 2; according
to the address alignment rule, the starting address should
be an integral multiple of the size of the memory space,
0xC00000000 is exactly an integral multiple of 32 M, and
therefore the starting address is still 0xC00000000. A
result of the adjustment is as follows: The starting ad-
dress is 0xC00000000, and the size is 32 MB.

[0096] For details about how to implement adjustment
of the size and the starting address of the memory space
during implementation, no limitations are set herein, and
it is only required that the one memory space allocated
to all the first devices meet the rule of an integral power
of 2 and the address alignment rule.

[0097] Step608: The BIOS allocates, from the memory
space between 2G and 4G, a non-write-combine memory
space required by the devices to the devices.

[0098] In this embodiment of the present invention, a
resource type is a non-write-combine memory space,
that is, a resource type is an uncacheable memory.
[0099] Step 609: The BIOS allocates an 10 resource
to a device whose resource type is the 10 resource.
[0100] No limitations are set to an order in which step
607-step 609 are performed.

[0101] Step 610: The BIOS configures a base station
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register of each device according to a result of the re-
source allocation.

[0102] Specifically, astarting address of the write-com-
bine memory space allocated to a device is written into
a write-combine base address register of the device, and
a starting address of the uncacheable memory space
allocated to a device is written into a base address reg-
ister corresponding to the uncacheable memory space
of the device. For a device whose resource type is an 10
resource, information about the 10 resource allocated to
the device is written into a base address register corre-
sponding to the IO resource of the device.

[0103] A device generally includes multiple base ad-
dress registers, there may be up to 6 base address reg-
isters currently, each base address register records a
type of resources required by the device, and a size of
this type of resources is pre-stored in the base address
registers. In this embodiment of the present invention,
one base address register corresponding to a write-com-
bine memory space, namely, the write-combine base ad-
dress register, may be set on the device to record infor-
mation about a write-combine memory space required
by the device. Because a size of the write-combine mem-
ory space required by the device has been stored in the
write-combine base address register, only the starting
address of the write-combine memory space, that is, the
starting address of a sub-memory space allocated to the
device, needs to be written in this step; and certainly, in
specific implementation, an ending address of the mem-
ory space may further be written, and no limitations are
set herein.

[0104] Step 611: The BIOS configures base address
registers and limit registers for an RC according to the
result of the resource allocation.

[0105] A memorybase address register and a memory
limit register, an 10 base address register and an IO limit
register, a prefetch (prefetch) base address register and
a prefetch limit register, and the like are set on the RC.
[0106] For a device whose resource type is an un-
cacheable memory space, a startingaddress and an end-
ing address of a memory space allocated to the device
are written into the memory base address register and
the memory limit register on the RC, respectively; and
for a device whose resource type is an IO resource, in-
formation about the 10 resource allocated to the device
is written into the 1O base address register and the 10
limit register on the RC.

[0107] In this embodiment of the present invention, a
write-combine base address register and a write-com-
bine limit register further need to be set on the RC, where
the write-combine base address register refers to a base
address register corresponding to a write-combine mem-
ory space, and the write-combine limit register refers to
a limit register corresponding to the write-combine mem-
ory space. The write-combine base address register is
configured to store the starting address of the one mem-
ory space allocated jointly to all the first devices, and the
write-combine limit register is configured to store an end-
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ing address of the one memory space.

[0108] In this step, the starting address of the one
memory space allocated to all the first devices is written
into the write-combine base address register, and the
ending address is written into the write-combine limit reg-
ister. Preferentially, the write-combine base address reg-
ister and the write-combine limit register may be imple-
mented by adding a new base address register and limit
register to the RC, or the prefetch base address register
and the prefetch limit register may also be used as the
write-combine base address register and the write-com-
bine limit register.

[0109] Step612: The BIOS sets the one memory space
allocated jointly to the first devices to the write-combine
attribute.

[0110] An interface is generally set on the BIOS and
an attribute of a certain memory space in the CPU may
be modified through the interface. In this step, the BIOS
calls the interface and marks the attribute corresponding
to the one memory space in the CPU as the write-com-
bine attribute.

[0111] Setting the one memory space allocated jointly
to the first devices to the write-combine attribute may be
executed by a bootloader, such as the BIOS and an EFI,
and may also be executed by an operating system. When
it is executed by an operating system, the operating sys-
tem calls an interface preset on the operating system,
may access the write-combine base address register and
limit register on the RC through the interface, acquires a
starting address and an ending address of a write-com-
bine memory space, and marks, according to the starting
address and the ending address, an attribute of a corre-
sponding memory space inthe CPU as the write-combine
attribute.

[0112] Preferentially, the setting the one memory
space to the write-combine attribute may include:
[0113] calling, by the operating system, the interface
provided by the operating system, and marking, through
the interface, the attribute corresponding to the one mem-
ory space in the CPU as the write-combine attribute; or
[0114] calling, by the BIOS, the interface provided by
the BIOS, and marking, through the interface, the at-
tribute corresponding to the one memory space in the
CPU as the write-combine attribute.

[0115] In this embodiment, a process where the BIOS
allocates the memory space to the first devices is com-
bined with a process where the BIOS allocates other
memory spaces and IO resources to the devices, thereby
implementing allocation of resources to all the devices.
In addition, this also makes the method for allocating a
memory space with a write-combine attribute in this em-
bodiment of the present invention compatible with an ex-
isting algorithm for the BIOS to perform resource scan-
ning and allocation.

[0116] Correspondingto the foregoing method, an em-
bodiment of the presentinvention further provides an ap-
paratus for allocating a memory space with a write-com-
bine attribute. Referring to FIG. 8, the allocating appara-
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tus 800 includes:

a first determining unit 810, configured to determine,
when resources of devices are scanned, a type and
a size of a resource required by each device, where
the type includes a write-combine memory space;
a second determining unit 820, configured to, after
the scanning of the resources of all devices is com-
pleted, determine, according to a size of a write-com-
bine memory space required by each first device, a
total size of write-combine memory spaces required
by allfirstdevices, where the firstdevices are devices
whose resource types include the write-combine
memory space;

a third determining unit 830, configured to determine
a starting address used to allocate a write-combine
memory space to the first devices, where the starting
address is located subsequent to memory spaces
allocated to memory modules and a non-write-com-
bine memory space allocated to the devices; and
an allocating unit 840, configured to allocate, from
the starting address, one memory space jointly to all
the first devices according to the total size, and al-
locate, from the one memory space, a sub-memory
space to each first device according to the size of
the write-combine memory space required by each
first device.

[0117] Preferentially, referring to FIG. 8A, the allocat-
ing apparatus 800 may further include:

a first writing unit 850, configured to, for each first
device, write a starting address of a sub-memory
space corresponding to the first device into a write-
combine base address register of the first device,
where the write-combine base address register re-
fers to a base address register corresponding to the
write-combine memory space;

a second writing unit 860, configured to write address
information of the one memory space into a write-
combine base address register and a write-combine
limit register on an RC, where the write-combine
base address register refers to a base address reg-
ister corresponding to the write-combine memory
space, and the write-combine limit register refers to
a limit register corresponding to the write-combine
memory space; and

a declaring unit 870, configured to set the one mem-
ory space to the write-combine attribute.

[0118] Preferentially, the firstdetermining unit 810 may
specifically be configured to: check a write-combine at-
tribute flag bit of a device when it is determined that a
resource required by the device is a memory space; and
determine whether the type of the resource of the device
is a write-combine memory space according to the write-
combine attribute flag bit.

[0119] Preferentially, at least one bit in the third to the
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sixth bits in a base address register of the device is preset
to the write-combine attribute flag bit of the device.
[0120] The first determining unit 810 may specifically
implement the checking of the write-combine attribute
flag bit of the device in the following manner: checking
the write-combine attribute flag bit in the base address
register of the device.

[0121] Preferentially, referring to FIG. 8B, the allocat-
ing apparatus 800 may further include:

a determining unit 880, configured to, after the scan-
ning of the resources of all devices is completed and
before one memory space is allocated jointly to all
the first devices, determine whether a total size of
free memory spaces subsequent to the starting ad-
dress is not less than the total size of the write-com-
bine memory spaces required by all the first devices.

[0122] Correspondingly, the allocating unit is specifi-
cally configured to: when the determining unitdetermines
that the total size of the free memory spaces subsequent
to the starting address is not less than the total size of
the write-combine memory spaces required by all the first
devices, allocate, from the starting address, the one
memory space jointly to all the first devices according to
the total size, and allocate, from the one memory space,
a sub-memory space to each first device according to
the size of the resource required by each first device.
[0123] Preferentially, the third determining unit 830
may specifically be configured to:

acquire a pre-stored memory address and use the
memory address as the starting address; or
according to the maximum address decoding range
supported by a CPU, use an address corresponding
to a preset ratio of the maximum address decoding
range as the starting address; or

use a memory address that is subsequentto a mem-
ory space corresponding to a high end memory mod-
ule and a preset length away from the memory space
corresponding to the high end memory module as
the starting address.

[0124] Preferentially, the allocating unit 840 may fur-
ther be configured to: after allocating one memory space
jointly to all the first devices, adjust a size of the one
memory space according to a rule of an integral power
of 2; and adjust a starting address of the one memory
space according to an address alignment rule.

[0125] Preferentially, the declaring unit 870 may spe-
cifically be configured to: call an interface provided by an
operating system, and mark, through the interface, an
attribute corresponding to the one memory space in the
CPU as a write-combine attribute; or call an interface
provided by a BIOS, and mark, through the interface, an
attribute corresponding to the one memory space in the
CPU as the write-combine attribute.

[0126] Inthis embodimentofthe presentinvention, one
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memory space is allocated jointly to all first devices from
a starting address according to a total size of write-com-
bine memory spaces required by the first devices; a sub-
memory space is allocated to each first device from the
one memory space according to a size of a write-combine
memory space required by each first device; the starting
address is located subsequent to memory spaces allo-
cated to memory modules and a non-write-combine
memory space allocated to each device. This ensures
that free memory spaces are subsequent to the memory
spaces allocated to the first devices and there are no
memory spaces allocated to the memory modules or
memory spaces with a non-write-combine attribute that
are allocated to the devices, and therefore memory spac-
es of another memory and memory module of a device
are not affected when an attribute of the one memory
space is declared to be a write-combine attribute; in ad-
dition, one memory space is allocated jointly to all the
first devices, there are no memory spaces subsequent
to the memory space, it only needs to consider that the
one memory space meets the foregoing modification
rules when the one memory space is declared to have
the write-combine attribute, and therefore an algorithm
for declaring the memory space to have the write-com-
bine attribute is simple, easy to implement, and more
reliable.

[0127] Referring to FIG. 9, an embodiment of the
present invention further provides a system, where the
system 900 includes a CPU 910, a memory 920, and a
data transmission bus 930, where data is transmitted be-
tween the CPU 910 and the memory 920 through the
data transmission bus 930.

[0128] The memory 920 is configured to store a pro-
gram. Specifically, the program may include program
code, and the program code includes a computer oper-
ation instruction. The memory 920 may include a high-
speed RAM memory and may further include a non-vol-
atile memory (non-volatile memory), forexample, at least
one disk memory.

[0129] The CPU910 is configured to: when resources
of devices are scanned, determine a type and a size of
a resource required by each device, where the type in-
cludes a write-combine memory space; after the scan-
ning of the resources of the devices is completed, deter-
mine, according to a size of a write-combine memory
space required by each first device, a total size of write-
combine memory spaces required by all the first devices,
where the first devices are devices whose resource types
include the write-combine memory space; in addition, de-
termine a starting address used to allocate a write-com-
bine memory space to thefirst devices, where the starting
address is located subsequent to memory spaces allo-
cated to memory modules and a non-write-combine
memory space allocated to the devices; and allocate,
from the starting address, one memory space jointly to
all the first devices according to the total size, and allo-
cate, from the one memory space, a sub-memory space
to each first device according to the size of the write-
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combine memory space required by each first device.
[0130] The CPU910 may further be configured to: for
each firstdevice, write a starting address of the sub-mem-
ory space corresponding to the first device into a write-
combine base address register of the first device, where
the write-combine base address register refers to a base
address register corresponding to the write-combine
memory space; write address information of the one
memory space into a write-combine base address reg-
ister and a write-combine limit register on an RC, where
the write-combine base address register refers to a base
address register corresponding to the write-combine
memory space, and the write-combine limit register re-
fers to alimit register corresponding to the write-combine
memory space; and set the one memory space to the
write-combine attribute.

[0131] Preferentially, the CPU 910 may specifically be
configured to determine the type of the resource required
by each device in the following manner:

checking a write-combine attribute flag bit of a device
when itis determined that aresource required by the
device is a memory space; and
determining whether a resource type of the device
is a write-combine memory space according to the
write-combine attribute flag bit.

[0132] Preferentially, at least one bit in the third to the
sixth bits in a base address register of the device is preset
to the write-combine attribute flag bit of the device.
[0133] The CPU 910 may specifically be configured to
check the write-combine attribute flag bit of the device in
the following manner: checking the write-combine at-
tribute flag bit in the base address register of the device.
[0134] Preferentially, the CPU 910 may further be con-
figured to: after the scanning of the resources of the de-
vices is completed and before one memory space is al-
located jointly to all the first devices, determine whether
a total size of free memory spaces subsequent to the
starting address is not less than the total size of the write-
combine memory spaces required by all the first devices;
and when it is determined that the total size of the free
memory spaces subsequent to the starting address is
not less than the total size of the write-combine memory
spaces required by all the first devices, perform the step
of allocating one memory space jointly to all the first de-
vices.

[0135] Preferentially, the CPU 910 may specifically be
configured to determine, in the following manners, the
starting address used to allocate a write-combine mem-
ory space to the first devices: acquiring a pre-stored
memory address, and using the memory space as the
starting address; according to the maximum address de-
coding range supported by the CPU, using an address
corresponding to a preset ratio of the maximum address
decoding range as the starting address; or using a mem-
ory address that is subsequent to a memory space cor-
responding to a high end memory module and a preset
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length away from the memory space corresponding to
the high end memory module as the starting address.
[0136] Preferentially, the CPU 910 may further be con-
figured to: after the one memory space is allocated jointly
to all the first devices and before address information of
the one memory space is written into the write-combine
base address register and the write-combine limit register
on the RC, adjust a size of the one memory space ac-
cording to a rule of an integral power of 2; and adjust a
starting address of the one memory space according to
an address alignment rule.

[0137] Preferentially, the CPU 910 may specifically be
configured to set the one memory space to the write-
combine attribute in the following manners: calling an
interface provided by an operating system, and marking,
through the interface, an attribute corresponding to the
one memory space in the CPU as the write-combine at-
tribute; or calling an interface provided by a BIOS, and
marking, through the interface, an attribute correspond-
ing to the one memory space in the CPU as the write-
combine attribute.

[0138] Preferentially, the CPU 910 may include:

a first determining unit, configured to, when resourc-
es of devices are scanned, determine a type and a
size of a resource required by each device, where
the type includes a write-combine memory space;
a second determining unit, configured to, after the
scanning of the resources of all devices is complet-
ed, determine, according to a size of a write-combine
memory space required by each first device, a total
size of write-combine memory spaces required by
all first devices, where the first devices are devices
whose resource types include the write-combine
memory space;
a third determining unit, configured to determine a
starting address used to allocate a write-combine
memory space to the firstdevices, where the starting
address is located subsequent to memory spaces
allocated to memory modules and a non-write-com-
bine memory space allocated to each device; and
an allocating unit, configured to allocate, from the
starting address, one memory space jointly to all the
first devices according to the total size, and allocate,
from the one memory space, a sub-memory space
to each first device according to the size of the write-
combine memory space required by each first de-
vice.
[0139] Preferentially, the CPU 910 may furtherinclude:
a first writing unit, configured to, for each first device,
write a starting address of the sub-memory space
corresponding to the first device into a write-combine
base address register of the first device, where the
write-combine base address register refers to a base
address register corresponding to the write-combine
memory space;
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a second writing unit, configured to write address
information of the one memory space into a write-
combine base address register and a write-combine
limit register on an RC, where the write-combine
base address register refers to a base address reg-
ister corresponding to the write-combine memory
space, and the write-combine limit register refers to
a limit register corresponding to the write-combine
memory space; and

a declaring unit, configured to set the one memory
space to the write-combine attribute.

[0140] Preferentially, the first determining unit may
specifically be configured to:

check a write-combine attribute flag bit of a device
when itis determined that aresource required by the
device is a memory space; and
determine whether a resource type of the device is
a write-combine memory space according to the
write-combine attribute flag bit.

[0141] Preferentially, at least one bit in the third to the
sixth bits in a base address register of the device is preset
to the write-combine attribute flag bit of the device.
[0142] The first determining unit may specifically im-
plement the checking of the write-combine attribute flag
bit of the device in the following manner: checking the
write-combine attribute flag bit in the base address reg-
ister of the device.

[0143] Preferentially, the memory 920 may further in-
clude:

a determining unit, configured to, after the scanning
of the resources of all devices is completed and be-
fore one memory space is allocated jointly to all the
first devices, determine whether a total size of free
memory spaces subsequent to the starting address
is not less than the total size of the write-combine
memory spaces required by all the first devices.

[0144] Correspondingly, the allocating unit may spe-
cifically be configured to: when the determining unit de-
termines that the total size of the free memory spaces
subsequent to the starting address is not less than the
total size of the write-combine memory spaces required
by all the first devices, allocate, from the starting address,
one memory space jointly to all the first devices according
to the total size, and allocate, from the one memory
space, a sub-memory space to each first device accord-
ing to the size of the resource required by each first de-
vice.

[0145] Preferentially, the third determining unit may
specifically be configured to:

acquire a pre-stored memory address and use the
memory address as the starting address; or
according to the maximum address decoding range
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supported by a CPU, use an address corresponding
to a preset ratio of the maximum address decoding
range as the starting address; or

use a memory address that is subsequent to a mem-
ory space corresponding to a high end memory mod-
ule and a preset length away from the memory space
corresponding to the high end memory module as
the starting address.

[0146] Preferentially, the allocating unit may further be
configured to: after allocating one memory space jointly
to all the first devices, adjust a size of the one memory
space according to a rule of an integral power of 2; and
adjust a starting address of the one memory space ac-
cording to an address alignment rule.

[0147] Preferentially, the declaring unit may specifical-
ly be configured to:

call an interface provided by an operating system,
and mark, through the interface of the operating sys-
tem, an attribute corresponding to the one memory
space in the CPU as the write-combine attribute; or
call a BIOS interface, and mark, through the BIOS
interface, an attribute corresponding to the one
memory space in the CPU as the write-combine at-
tribute.

[0148] Inthisembodimentofthe presentinvention, one
memory space is allocated jointly from the starting ad-
dress to all first devices according to a total size of write-
combine memory spaces that the first devices require; a
sub-memory space is allocated from the one memory
space to each first device according to a size of a write-
combine memory space required by each first device;
the starting address is located subsequent to memory
spaces allocated to memory modules and a non-write-
combine memory space allocated to each device. This
ensures that free memory spaces are subsequent to the
memory spaces allocated to the first devices and there
are no memory spaces allocated to the memory modules
or memory spaces with a non-write-combine attribute
that are allocated to the devices, and therefore memory
spaces of another memory and memory module of a de-
vice are not affected when an attribute of the one memory
space is declared to be a write-combine attribute; in ad-
dition, one memory space is allocated jointly to all the
first devices, there are no memory spaces subsequent
to the memory space, it only needs to consider that the
one memory space meets the foregoing modification
rules when the one memory space is declared to have
the write-combine attribute, and therefore an algorithm
for declaring the memory space to have the write-com-
bine attribute is simple, easy to implement, and more
reliable.

[0149] A person skilled in the art may clearly under-
stand that the technique in the embodiments of the
present invention may be implemented through software
and a necessary general hardware platform. Based on
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such an understanding, the technical solutions in the em-
bodiments of the presentinvention essentially, or the part
contributing to the prior art may be implemented in a form
of a software product. The computer software product is
stored in a storage medium, such as an ROM/RAM, a
magnetic disk, or an optical disc, and includes several
instructions for instructing a computer device (which may
be a personal computer, a server, or a network device)
to perform the methods described in the embodiments
of the present invention or in some parts of the embodi-
ments of the present invention.

[0150] The embodiments of the present invention are
described in a progressive manner, identical or similar
parts in the embodiments may be cross-referenced, and
each embodiment emphasizes a part different from other
embodiments. In particular, for the system embodiment,
because itis basically similar to the method embodiment,
it is described in a relatively simple manner, and for the
related parts, refer to the part of the description in the
method embodiment.

[0151] The foregoing embodiments of the present in-
vention are not intended to limit the scope of the present
invention.

Claims

1. Amethod for allocating a memory space with a write-
combine attribute, comprising:

determining (501), when resources of devices
are scanned, a type and a size of a resource
required by each device, wherein the type com-
prises a write-combine memory space; the
method being characterised by:

after the scanning of the resources of the
devices is completed, determining (502),
according to a size of a write-combine mem-
ory space required by each first device, a
total size of write-combine memory spaces
required by all first devices, wherein the first
devices are devices whose resource types
comprise the write-combine memory
space; and determining a starting address
used to allocate a write-combine memory
space to the first devices, wherein the start-
ing address is located subsequent to mem-
ory spaces allocated to memory modules
and a non-write-combine memory space al-
located to the devices; and

allocating (503), from the starting address,
one memory space jointly to all the first de-
vices according to the total size, and allo-
cating (504), from the one memory space,
a sub-memory space to each first device
according to the size of the write-combine
memory space required by each first de-
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vice.
2. Themethod according to claim 1, further comprising:

for each first device, writing a starting address
of the sub-memory space corresponding to the
first device into a write-combine base address
register of the first device, wherein the write-
combine base address register refers to a base
address register corresponding to the write-
combine memory space;

writing address information of the one memory
space into a write-combine base address regis-
ter and a write-combine limit register on a Root
Complex module, RC, wherein the write-com-
bine base address register refers to a base ad-
dress register corresponding to the write-com-
bine memory space, and the write-combine limit
register refers to a limit register corresponding
to the write-combine memory space; and
setting the one memory space to the write-com-
bine attribute.

3. The method according to claim 1 or 2, wherein de-
termining a type of a resource required by each de-
vice comprises:

checking a write-combine attribute flag bit of a
device when it is determined that a resource re-
quired by the device is a memory space; and
determining whether the type of the resource of
the device is a write-combine memory space ac-
cording to the write-combine attribute flag bit.

4. The method according to claim 3, wherein at least
one bit in the third to the sixth bits in a base address
register of the device is preset to the write-combine
attribute flag bit of the device; and
the checking a write-combine attribute flag bit of a
device comprises: checking the write-combine at-
tribute flag bit in the base address register of the
device.

5. The method according to any one of claims 1 to 4,
after the scanning of the resources of the devices is
completed and before one memory space is allocat-
ed jointly to all the first devices, further comprising:

determining whether a total size of free memory
spaces subsequent to the starting address is not
less than the total size of the write-combine
memory spaces required by all the first devices;
and

when it is determined that the total size of the
free memory spaces subsequent to the starting
addressis notless than the total size of the write-
combine memory spaces required by all the first
devices, performing the step of allocating one
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memory space jointly to all the first devices.

The method according to any one of claims 1 to 5,
wherein determining a starting address used to al-
locate the write-combine memory space to the first
devices comprises:

acquiring a pre-stored memory address and us-
ing the memory address as the starting address;
or

according to the maximum address decoding
range supported by a CPU, using an address
corresponding to a preset ratio of the maximum
address decoding range as the starting address;
or

using a memory address that is subsequent to
a memory space corresponding to a high end
memory module and a preset length away from
the memory space corresponding to the high
end memory module as the starting address.

The method according to any one of claims 1 to 6,
after the one memory space is allocated jointly to all
the first devices and before the address information
of the one memory space is written into the write-
combine base address register and the write-com-
bine limit register on the RC, further comprising:

adjusting a size of the one memory space ac-
cording to a rule of an integral power of 2; and
adjusting a starting address of the one memory
space according to an address alignment rule.

The method according to any one of claims 1 to 7,
wherein setting the one memory space to a write-
combine attribute comprises:

calling an interface provided by an operating
system, and marking, through the interface, an
attribute corresponding to the one memory
space in a CPU as the write-combine attribute;
or

calling an interface provided by a BIOS, and
marking, through the interface, an attribute cor-
responding to the one memory space inthe CPU
as the write-combine attribute.

9. An apparatus for allocating a memory space with a

write-combine attribute, comprising:

a first determining unit (810), configured to de-
termine, when resources of devices are
scanned, a type and a size of a resource re-
quired by each device, wherein the type com-
prises a write-combine memory space; the ap-
paratus being characterised by further com-
prising:
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asecond determining unit (820), configured
to, after the scanning of the resources of the
devices is completed, determine, according
to a size of a write-combine memory space
required by each first device, a total size of
write-combine memory spaces required by
allfirst devices, wherein the first devices are
devices whose resource types comprise the
write-combine memory space;

a third determining unit (830), configured to
determine a starting address used to allo-
cate a write-combine memory space to the
first devices, wherein the starting address
is located subsequent to memory spaces
allocated to memory modules and a non-
write-combine memory space allocated to
each device; and

an allocating unit (840), configured to allo-
cate, from the starting address, one mem-
ory space jointly to all the first devices ac-
cording to the total size, and allocate, from
the one memory space, a sub-memory
space to each first device according to the
size of the write-combine memory space re-
quired by each first device.

10. The apparatus according to claim 9, further compris-

ing:

a first writing unit (850), configured to, for each
first device, write a starting address of the sub-
memory space corresponding to the first device
into a write-combine base address register of
the first device, wherein the write-combine base
address register refers to a base address regis-
ter corresponding to the write-combine memory
space;

a second writing unit (860), configured to write
address information of the one memory space
into a write-combine base address register and
awrite-combine limit register on a Root Complex
module, RC, wherein the write-combine base
address register refers to a base address regis-
ter corresponding to the write-combine memory
space, and the write-combine limit register re-
fers to a limit register corresponding to the write-
combine memory space; and

a declaring unit (870), configured to set the one
memory space to the write-combine attribute.

11. The apparatus according to claim 9 or 10, wherein

the first determining unit (810) is specifically config-
ured to:

checking a write-combine attribute flag bit of a
device when it is determined that a resource re-
quired by the device is a memory space; and

determining whether the type of the resource of
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the device is a write-combine memory space ac-
cording to the write-combine attribute flag bit.

The apparatus according to claim 11, wherein at
least one bit in the third to the sixth bits in a base
address register of the device is preset to the write-
combine attribute flag bit of the device; and

the first determining unit (810) implements the
checking of the write-combine attribute flag bit of the
device in the following manner: checking the write-
combine attribute flag bitin the base address register
of the device.

The apparatus according to any one of claims 9 to
12, further comprising:

a determining unit, configured to, after the scan-
ning of the resources of all devices is completed
and before one memory space is allocated joint-
ly to all the first devices, determine whether a
total size of free memory spaces subsequent to
the starting address is not less than the total size
of the write-combine memory spaces required
by all the first devices, wherein:

correspondingly, the allocating unit is spe-
cifically configured to: when the determining
unitdetermines that the total size of the free
memory spaces subsequent to the starting
address is not less than the total size of the
write-combine memory spaces required by
all the first devices, allocate, from the start-
ing address, the one memory space jointly
to all the first devices according to the total
size, and allocate, from the one memory
space, a sub-memory space to each first
device according to the size of the resource
required by each first device.

The apparatus according to any one of claims 9 to
13, wherein the third determining unit (830) is spe-
cifically configured to:

acquire a pre-stored memory address and use
the memory address as the starting address; or
according to the maximum address decoding
range supported by a CPU, use an address cor-
responding to a preset ratio of the maximum ad-
dress decoding range as the starting address; or
use a memory address that is subsequent to a
memory space corresponding to a high end
memory module and a preset length away from
the memory space corresponding to the high
end memory module as the starting address.

The apparatus according to any one of claims 9 to
14, wherein the allocating unit (840) is further con-
figured to: after allocating the one memory space

10

15

20

25

30

35

40

45

50

55

18

EP 2 763 045 B1

16.

17.

34

jointly to all the first devices, adjust a size of the one
memory space according to a rule of an integral pow-
er of 2; and adjust a starting address of the one mem-
ory space according to an address alignment rule.

The apparatus according to any one of claims 9 to
15, wherein the declaring unit (870) is specifically
configured to:

call an interface provided by an operating sys-
tem, and mark, through the interface, an at-
tribute corresponding to the one memory space
in a CPU as the write-combine attribute; or
call an interface provided by a BIOS, and mark,
through the interface, an attribute corresponding
to the one memory space in the CPU as the
write-combine attribute.

A system, comprising a CPU comprising an appara-
tus for allocating a memory space with a write-com-
bine attribute according to any one of claims 9 - 16,
a memory, and a data transmission bus, wherein da-
ta is transmitted between the CPU and the memory
through the data transmission bus.

Patentanspriiche

1.

Verfahren zum Zuweisen eines Speicherplatzes mit
einem Schreib-Kombinier-Attribut, umfassend:

Bestimmen (501), wenn Ressourcen von Ein-
richtungen abgetastet werden, einer Art und ei-
ner Grolie einer Ressource, die durch jede Ein-
richtung bendtigt wird, wobei die Art einen
Schreib-Kombinier-Speicherplatz umfasst;
wobei das Verfahren durch Folgendes gekenn-
zeichnet ist:

nachdem das Abtasten der Ressourcen der
Einrichtungen beendet ist, Bestimmen
(502), gemalR einer GroéRe eines Schreib-
Kombinier-Speicherplatzes, der durch jede
erste Einrichtung bendtigt wird, einer Ge-
samtgréfle von Schreib-Kombinier-Spei-
cherplatzen, die durch alle ersten Einrich-
tungen bendtigt werden, wobei die ersten
Einrichtungen Einrichtungen sind, deren
Ressourcenarten den Schreib-Kombinier-
Speicherplatz umfassen; und Bestimmen
einer Startadresse, die zum Zuweisen eines
Schreib-Kombinier-Speicherplatzes zu den
ersten Einrichtungen verwendet wird, wo-
bei sich die Startadresse subsequent zu
Speicherplatzen, die Speichermodulen zu-
gewiesen sind, und einem Nicht-Schreib-
Kombinier-Speicherplatz, der den Einrich-
tungen zugewiesen ist, befindet; und
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Zuweisen (503), von der Startadresse, ei-
nes Speicherplatzes gemeinsam zu allen
ersten Einrichtungen gemaR der Gesamt-
gréRe und Zuweisen (504), von dem einen
Speicherplatz, eines Subspeicherplatzes
zu jeder ersten Einrichtung gemaf der Gro-
Re des Schreib-Kombinier-Speicherplat-
zes, der durch jede erste Einrichtung bend-
tigt wird.

2. Verfahren nach Anspruch 1, ferner umfassend:

furjede erste Einrichtung, Schreiben einer Start-
adresse des Subspeicherplatzes, derderersten
Einrichtung entspricht, in ein Schreib-Kombi-
nier-Basisadressenregister der ersten Einrich-
tung, wobei sich das Schreib-Kombinier-Basis-
adressenregister auf ein Basisadressenregis-
ter, das dem Schreib-Kombinier-Speicherplatz
entspricht, bezieht; Schreiben von Adressinfor-
mationen des einen Speicherplatzes in ein
Schreib-Kombinier-Basisadressenregister und
ein  Schreib-Kombinier-Begrenzungsregister
auf einem Root-Komplex-Modul, RC, wobei sich
das Schreib-Kombinier-Basisadressenregister
auf ein Basisadressenregister, das dem
Schreib-Kombinier-Speicherplatz  entspricht,
bezieht und sich das Schreib-Kombinier-Be-
grenzungsregister auf ein Begrenzungsregister,
das dem Schreib-Kombinier-Speicherplatz ent-
spricht, bezieht; und

Setzendes einen Speicherplatzes zum Schreib-
Kombinier-Attribut.

3. Verfahren nach Anspruch 1 oder 2, wobei das Be-

stimmen einer Art einer Ressource, die durch jede
Einrichtung benétigt wird, Folgendes umfasst:

Prifen eines Schreib-Kombinier-Attribut-Flag-
Bits einer Einrichtung, wenn bestimmt wird,
dass eine Ressource, die durch die Einrichtung
benotigt wird, ein Speicherplatz ist; und
Bestimmen, ob die Art der Ressource der Ein-
richtung ein Schreib-Kombinier-Speicherplatz
ist, gemal dem Schreib-Kombinier-Attribut-
Flag-Bit.

Verfahren nach Anspruch 3, wobei mindestens ein
Bit in den dritten bis sechsten Bits in einem Basisa-
dressenregister der Einrichtung zum Schreib-Kom-
binier-Attribut-Flag-Bit der Einrichtung voreingestellt
ist; und

das Prifen eines Schreib-Kombinier-Attribut-Flag-
Bits einer Einrichtung Prifen des Schreib-Kombi-
nier-Attribut-Flag-Bits im Basisadressenregister der
Einrichtung umfasst.

Verfahren nach einem der Anspriiche 1 bis 4, das,
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nachdem das Abtasten der Ressourcen der Einrich-
tungen beendet ist und bevor ein Speicherplatz ge-
meinsam zu allen ersten Einrichtungen zugewiesen
wird, ferner Folgendes umfasst:

Bestimmen, ob eine GesamtgréRe von freien
Speicherplatzen subsequent zur Startadresse
nicht geringer als die Gesamtgré3e der Schreib-
Kombinier-Speicherplatze, die durch alle ersten
Einrichtungen bendtigt werden, ist; und

wenn bestimmt wird, dass die GesamtgréRRe der
freien Speicherplatze subsequent zur Startad-
resse nicht geringer als die GesamtgroRRe der
Schreib-Kombinier-Speicherplatze, die durch
alle ersten Einrichtungen benétigt werden, ist,
Durchfiihren des Schritts des Zuweisens eines
Speicherplatzes gemeinsam zu allen ersten
Einrichtungen.

Verfahren nach einem der Anspriiche 1 bis 5, wobei
das Bestimmen einer Startadresse, die zum Zuwei-
sen des Schreib-Kombinier-Speicherplatzes zu den
ersten Einrichtungen verwendet wird, Folgendes
umfasst:

Erfassen einer zuvor gespeicherten Speichera-
dresse und Verwenden der Speicheradresse als
die Startadresse oder,

gemafl dem maximalen, durch eine CPU unter-
stltzten Adressdecodierungsbereich, Verwen-
den einer Adresse, die einem voreingestellten
Verhaltnis des maximalen Adressdecodie-
rungsbereichs entspricht, als die Startadresse
oder

Verwenden einer Speicheradresse, die subse-
quent zu einem Speicherplatz, der einem High-
End-Speichermodul entspricht, ist und sich eine
voreingestellte LAnge weg vom Speicherplatz,
der dem High-End-Speichermodul entspricht,
befindet, als die Startadresse.

Verfahren nach einem der Anspriiche 1 bis 6, das,
nachdem der eine Speicherplatz gemeinsam zu al-
len ersten Einrichtungen zugewiesen wird und bevor
die Adressinformationen des einen Speicherplatzes
in das Schreib-Kombinier-Basisadressenregister
und das Schreib-Kombinier-Begrenzungsregister
auf dem RC geschrieben werden, ferner Folgendes
umfasst:

Anpassen einer GroRe des einen Speicherplat-
zes gemal einer Regel einer ganzzahligen Po-
tenzvon2und Anpassen einer Startadresse des
einen Speicherplatzes gemal einer Adressen-
angleichungsregel.

Verfahren nach einem der Anspriiche 1 bis 7, wobei
das Setzen des einen Speicherplatzes zu einem
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Schreib-Kombinier-Attribut Folgendes umfasst:

Aufrufen einer durch ein Betriebssystem bereit-
gestellten Schnittstelle und Markieren, tber die
Schnittstelle, eines Attributs, das dem einen
Speicherplatz entspricht, in einer CPU als das
Schreib-Kombinier-Attribut oder

Aufrufen einer durch ein BIOS bereitgestellten
Schnittstelle und Markieren, Gber die Schnitt-
stelle, eines Attributs, das dem einen Speicher-
platz entspricht, in der CPU als das Schreib-
Kombinier-Attribut.

9. Vorrichtung zum Zuweisen eines Speicherplatzes
mit einem Schreib-Kombinier-Attribut, umfassend:

eine erste Bestimmungseinheit (810), die konfi-
guriert ist zum Bestimmen, wenn Ressourcen
von Einrichtungen abgetastet werden, einer Art
und einer GroR3e einer Ressource, die durch je-
de Einrichtung bendtigt wird, wobei die Art einen
Schreib-Kombinier-Speicherplatz umfasst;
wobei die Vorrichtung dadurch gekennzeich-
net ist, dass sie ferner Folgendes umfasst:

eine zweite Bestimmungseinheit (820), die,
nachdem das Abtasten der Ressourcen der
Einrichtungen beendet ist, konfiguriert ist
zum Bestimmen, gemaR einer Grol3e eines
Schreib-Kombinier-Speicherplatzes, der
durch jede erste Einrichtung bendétigt wird,
einer GesamtgrofRe von Schreib-Kombi-
nier-Speicherplatzen, die durch alle ersten
Einrichtungen bendétigt werden, wobei die
ersten Einrichtungen Einrichtungen sind,
deren Ressourcenarten den Schreib-Kom-
binier-Speicherplatz umfassen;

eine dritte Bestimmungseinheit (830), die
konfiguriert ist zum Bestimmen einer Start-
adresse, die zum Zuweisen eines Schreib-
Kombinier-Speicherplatzes zu den ersten
Einrichtungen verwendet wird, wobei sich
die Startadresse subsequent zu Speicher-
platzen, die Speichermodulen zugewiesen
sind, und einem Nicht-Schreib-Kombinier-
Speicherplatz, der jeder Einrichtung zuge-
wiesen ist, befindet; und

eine Zuweisungseinheit (840), die konfigu-
riert ist zum Zuweisen, von der Startadres-
se, eines Speicherplatzes gemeinsam zu
allen ersten Einrichtungen gemaf der Ge-
samtgrofle und zum Zuweisen, von dem ei-
nen Speicherplatz, eines Subspeicherplat-
zes zu jeder ersten Einrichtung gemaf der
Grolke des Schreib-Kombinier-Speicher-
platzes, der durch jede erste Einrichtung
benétigt wird.
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10.

1.

12.

13.

Vorrichtung nach Anspruch 9, ferner umfassend:

eine erste Schreibeinheit (850), die fir jede erste
Einrichtung konfiguriert ist zum Schreiben einer
Startadresse des Subspeicherplatzes, der der
ersten Einrichtung entspricht, in ein Schreib-
Kombinier-Basisadressenregister der ersten
Einrichtung, wobei sich das Schreib-Kombinier-
Basisadressenregister auf ein Basisadressen-
register, das dem Schreib-Kombinier-Speicher-
platz entspricht, bezieht; eine zweite Schrei-
beinheit (860), die konfiguriertistzum Schreiben
von Adressinformationen des einen Speicher-
platzes in ein Schreib-Kombinier-Basisadres-
senregister und ein Schreib-Kombinier-Begren-
zungsregister auf einem Root-Komplex-Modul,
RC, wobei sich das Schreib-Kombinier-Basisa-
dressenregister auf ein Basisadressenregister,
das dem Schreib-Kombinier-Speicherplatz ent-
spricht, bezieht und sich das Schreib-Kombi-
nier-Begrenzungsregister auf ein Begrenzungs-
register, das dem Schreib-Kombinier-Speicher-
platz entspricht, bezieht; und

eine Bekanntgabeeinheit (870), die konfiguriert
ist zum Setzen des einen Speicherplatzes zum
Schreib-Kombinier-Attribut.

Vorrichtung nach Anspruch 9 oder 10, wobei die ers-
te Bestimmungseinheit (810) spezifisch zu Folgen-
dem konfiguriert ist:

Prufen eines Schreib-Kombinier-Attribut-Flag-
Bits einer Einrichtung, wenn bestimmt wird,
dass eine Ressource, die durch die Einrichtung
bendtigt wird, ein Speicherplatz ist; und
Bestimmen, ob die Art der Ressource der Ein-
richtung ein Schreib-Kombinier-Speicherplatz
ist, gemalR dem Schreib-Kombinier-Attribut-
Flag-Bit.

Vorrichtung nach Anspruch 11, wobei mindestens
ein Bit in den dritten bis sechsten Bits in einem Ba-
sisadressenregister der Einrichtung zum Schreib-
Kombinier-Attribut-Flag-Bit der Einrichtung vorein-
gestellt ist; und

die erste Bestimmungseinheit (810) das Prifen des
Schreib-Kombinier-Attribut-Flag-Bits der Einrich-
tung auf die folgende Weise implementiert: Prifen
des Schreib-Kombinier-Attribut-Flag-Bits im Basis-
adressenregister der Einrichtung.

Vorrichtung nach einem der Anspriiche 9 bis 12, fer-
ner umfassend:

eine Bestimmungseinheit, die, nachdem das
Abtasten der Ressourcen aller Einrichtungen
beendetistund bevor ein Speicherplatz gemein-
sam zu allen ersten Einrichtungen zugewiesen
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wird, konfiguriert ist zum Bestimmen, ob eine
GesamtgrofRRe von freien Speicherplatzen sub-
sequent zur Startadresse nicht geringer als die
GesamtgroRe der Schreib-Kombinier-Spei-
cherplatze, die durch alle ersten Einrichtungen
benétigt werden, ist, wobei:

die Zuweisungseinheit dementsprechend
spezifisch zu Folgendem konfiguriert ist:
wenn die Bestimmungseinheit bestimmt,
dass die GesamtgroRe der freien Speicher-
platze subsequent zur Startadresse nicht
geringer als die Gesamtgrof3e der Schreib-
Kombinier-Speicherplatze, die durch alle
ersten Einrichtungen bendétigt werden, ist,
Zuweisen, von der Startadresse, des einen
Speicherplatzes gemeinsam zu allen ers-
ten Einrichtungen gemaf der GesamtgroRRe
und Zuweisen, von dem einen Speicher-
platz, eines Subspeicherplatzes zu jeder
ersten Einrichtung gemaR der GréRe der
Ressource, die durch jede erste Einrichtung
benétigt wird.

14. Vorrichtung nach einem der Anspriiche 9 bis 13, wo-

15.

16.

bei die dritte Bestimmungseinheit (830) spezifisch
zu Folgendem konfiguriert ist:

Erfassen einer zuvor gespeicherten Speichera-
dresse und Verwenden der Speicheradresse als
die Startadresse oder,

gemal dem maximalen, durch eine CPU unter-
stutzten Adressdecodierungsbereich, Verwen-
den einer Adresse, die einem voreingestellten
Verhaltnis des maximalen Adressdecodie-
rungsbereichs entspricht, als die Startadresse
oder

Verwenden einer Speicheradresse, die subse-
quent zu einem Speicherplatz, der einem High-
End-Speichermodul entspricht, ist und sich eine
voreingestellte Ldnge weg vom Speicherplatz,
der dem High-End-Speichermodul entspricht,
befindet, als die Startadresse.

Vorrichtung nach einem der Anspriiche 9 bis 14, wo-
bei die Zuweisungseinheit (840) ferner zu Folgen-
dem konfiguriert ist: nach dem Zuweisen des einen
Speicherplatzes gemeinsam zu allen ersten Einrich-
tungen, Anpassen einer GréRRe des einen Speicher-
platzes gemaR einer Regel einer ganzzahligen Po-
tenz von 2 und Anpassen einer Startadresse des
einen Speicherplatzes gemal einer Adressenan-
gleichungsregel.

Vorrichtung nach einem der Anspriiche 9 bis 15, wo-
bei die Bekanntgabeeinheit (870) spezifisch zu Fol-
gendem konfiguriert ist:
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Aufrufen einer durch ein Betriebssystem bereit-
gestellten Schnittstelle und Markieren, Gber die
Schnittstelle, eines Attributs, das dem einen
Speicherplatz entspricht, in einer CPU als das
Schreib-Kombinier-Attribut oder

Aufrufen einer durch ein BIOS bereitgestellten
Schnittstelle und Markieren, Uber die Schnitt-
stelle, eines Attributs, das dem einen Speicher-
platz entspricht, in der CPU als das Schreib-
Kombinier-Attribut.

17. System, das eine CPU, die eine Vorrichtung zum

Zuweisen eines Speicherplatzes mit einem Schreib-
Kombinier-Attribut gemaf einem der Anspriiche 9 -
16 umfasst, einen Speicher und einen Datenliber-
tragungsbus umfasst, wobei Daten zwischen der
CPU und dem Speicher Uber den Datenlibertra-
gungsbus ubertragen werden.

Revendications

Procédé pour attribuer un espace mémoire ayantun
attribut de combinaison d’écriture, comprenant I'éta-
pe consistant a :

déterminer (501), lors de I'exploration de res-
sources de dispositifs, un type et une taille d’'une
ressource exigée par chaque dispositif, le type
comprenant un espace mémoire a combinaison
d’écriture ;

le procédé étant caractérisé parles étapes con-
sistant a :

une fois que I'exploration des ressources
des dispositifs est terminée, déterminer
(502), d’aprés une taille d’'un espace mé-
moire a combinaison d’écriture exigé par
chaque premier dispositif, une taille totale
des espaces mémoire a combinaison
d’écriture exigés par tous les premiers dis-
positifs, les premiers dispositifs étant des
dispositifs dont les types de ressource com-
prennent 'espace mémoire a combinaison
d’écriture ; et déterminer une adresse de
début servant a attribuer un espace mémoi-
re a combinaison d’écriture aux premiers
dispositifs, 'adresse de début étant située
a la suite des espaces mémoire attribués
aux modules de mémoire et d’'un espace
mémoire sans combinaison d’écriture attri-
bué aux dispositifs ; et

attribuer (503), a partir de 'adresse de dé-
but, un espace mémoire conjointement a
tous les premiers dispositifs en fonction de
la taille totale, et attribuer (504), a partir du-
dit un espace mémoire, un sous-espace
mémoire a chaque premier dispositif en
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fonction de la taille de 'espace mémoire a
combinaison d’écriture exigé par chaque
premier dispositif.

2. Procédé selon la revendication 1, comprenant éga-

lement les étapes consistant a :

pour chaque premier dispositif, écrire une
adresse de début du sous-espace mémoire cor-
respondant au premier dispositif dans un regis-
tre d’adresse de base de combinaison d’écriture
du premier dispositif, le registre d’adresse de
base de combinaison d’écriture désignantunre-
gistre d’adresse de base correspondant a I'es-
pace mémoire a combinaison d’écriture ;
écrire des informations d’adresse dudit un es-
pace mémoire dans un registre d’'adresse de ba-
se de combinaison d’écriture et un registre de
limite de combinaison d’écriture situés sur un
module Root Complex, RC, le registre d’adresse
de base de combinaison d’écriture désignant un
registre d’adresse de base correspondanta l'es-
pace mémoire a combinaison d’écriture, et le
registre de limite de combinaison d’écriture dé-
signant un registre de limite correspondant a
I'espace mémoire a combinaison d’écriture ; et
régler ledit un espace mémoire a la valeur de
I'attribut de combinaison d’écriture.

Procédé selon la revendication 1 ou 2, dans lequel
la détermination d’'un type de ressource exigé par
chaque dispositif comprend les étapes consistanta :

vérifier un bit indicateur d’attribut de combinai-
son d’écriture d’un dispositif lorsqu’il est déter-
miné qu’une ressource exigée par le dispositif
est un espace mémoire ; et

déterminer sile type de laressource du dispositif
est un espace mémoire a combinaison d’écritu-
re, d’aprés le bit indicateur d’attribut de combi-
naison d’écriture.

Procédé selon la revendication 3, dans lequel au
moins un bit parmi les troisi€me a sixieme bits d’'un
registre d’adresse de base du dispositif est préala-
blement positionné a la valeur du bit indicateur d’at-
tribut de combinaison d’écriture du dispositif ; et

la vérification d’un bit indicateur d’attribut de combi-
naison d’écriture d’un dispositif comprend : la vérifi-
cation du bit indicateur d’attribut de combinaison
d’écriture duregistre d’adresse de base du dispositif.

Procédé selon I'une quelconque des revendications
1 a 4, comprenant également, une fois que I'explo-
ration des ressources des dispositifs est terminée et
avant qu’un espace mémoire ne soit attribué con-
jointement a tous les premiers dispositifs, les étapes
consistant a :
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6.

déterminer si une taille totale des espaces mé-
moire libres situés a la suite de I'adresse de dé-
but n’est pas inférieure a la taille totale des es-
paces mémoire a combinaison d’écriture exigés
par tous les premiers dispositifs ; et

lorsqu’il est déterminé que la taille totale des es-
paces mémoire libres situés ala suite de I'adres-
se de début n’est pas inférieure a la taille totale
des espaces mémoire a combinaison d’écriture
exigés par tous les premiers dispositifs, exécu-
ter I'étape d’attribution d’'un espace mémoire
conjointement a tous les premiers dispositifs.

Procédeé selon 'une quelconque des revendications
1 a5, dans lequel la détermination d’une adresse de
début servant a attribuer un espace mémoire a com-
binaison d’écriture aux premiers dispositifs com-
prend les étapes consistant a :

acquérir une adresse mémoire préalablement
stockée et utiliser 'adresse mémoire comme
adresse de début ; ou

d’aprés la plage de décodage d’adresse maxi-
male supportée par une CPU, utiliser une adres-
se correspondant a un taux prédéfini de la plage
de décodage d’adresse maximale comme
adresse de début ; ou

utiliser une adresse mémoire située a la suite
d’un espace mémoire correspondant a un mo-
dule de mémoire de caractéristiques supérieu-
res et située a une longueur prédéfinie de 'es-
pace mémoire correspondant au module de mé-
moire de caractéristiques supérieures comme
adresse de début.

Procédé selon 'une quelconque des revendications
1 a 6, comprenant également, une fois que ledit un
espace mémoire a été attribué conjointement a tous
les premiers dispositifs et avant que les information
d’adresse dudit un espace mémoire ne soient écrites
dans le registre d’adresse de base de combinaison
d’écriture et le registre de limite de combinaison
d’écriture du RC, les étapes consistant a :

régler une taille dudit un espace mémoire selon
unerégle d’une puissance entiere de 2 ; etrégler
une adresse de début dudit un espace mémoire
selon une regle d’alignement d’adresses.

Procédé selon 'une quelconque des revendications
1 a7, dans lequel le réglage dudit un espace mé-
moire a une valeur de lattribut de combinaison
d’écriture comprend les étapes consistant a :

appeler une interface fournie par un systeme
d’exploitation et marquer, au moyen de linter-
face, un attribut correspondant audit un espace
mémoire dans une CPU comme attribut de com-
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binaison d’'écriture ; ou

appeler une interface fournie par un BIOS et
marquer, au moyen de I'interface, un attribut cor-
respondant audit un espace mémoire dans la
CPU comme attribut de combinaison d’écriture.

9. Appareil pour attribuer un espace mémoire ayant un

attribut de combinaison d’écriture, comprenant :

une premiére unité de détermination (810), con-
cue pour déterminer, lors de I'exploration de res-
sources de dispositifs, un type et une taille d’'une
ressource exigée par chaque dispositif, le type
comprenant un espace mémoire a combinaison
d’écriture ;

l'appareil étant caractérisé en ce qu’il com-
prend également :

une deuxiéme unité de détermination (820),
congue pour, une fois que I'exploration des
ressources des dispositifs est terminée, dé-
terminer, d’aprés une taille d’'un espace mé-
moire a combinaison d’écriture exigé par
chaque premier dispositif, une taille totale
des espaces mémoire a combinaison
d’écriture exigés par tous les premiers dis-
positifs, les premiers dispositifs étant des
dispositifs dont les types de ressource com-
prennent 'espace mémoire a combinaison
d’écriture ;

une troisiéme unité de détermination (830),
congue pour déterminer une adresse de dé-
but servant a attribuer un espace mémoire
a combinaison d’écriture aux premiers dis-
positifs, 'adresse de début étant située a la
suite des espaces mémoire attribués aux
modules de mémoire et d’'un espace mé-
moire sans combinaison d’écriture attribué
a chaque dispositif ; et

une unité d’attribution (840), congue pour
attribuer, a partir de I'adresse de début, un
espace mémoire conjointement a tous les
premiers dispositifs en fonction de la taille
totale, et attribuer, a partir dudit un espace
mémoire, un sous-espace mémoire a cha-
que premier dispositif en fonction de la taille
de I'espace mémoire a combinaison d’écri-
ture exigé par chaque premier dispositif.

10. Appareil selon la revendication 9, comprenant

également :

une premiére unité d’écriture (850), congue
pour, pour chaque premier dispositif, écrire une
adresse de début du sous-espace mémoire cor-
respondant au premier dispositif dans un regis-
tre d’adresse de base de combinaison d’écriture
du premier dispositif, le registre d’adresse de
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base de combinaison d’écriture désignantun re-
gistre d’adresse de base correspondant a I'es-
pace mémoire a combinaison d’écriture ;

une deuxiéme unité d’écriture (860), congue
pour écrire des informations d’adresse dudit un
espace mémoire dans un registre d’adresse de
base de combinaison d’écriture et un registre de
limite de combinaison d’écriture situés sur un
module Root Complex, RC, le registre d’adresse
de base de combinaison d’écriture désignant un
registre d’adresse de base correspondant al’es-
pace mémoire a combinaison d’écriture, et le
registre de limite de combinaison d’écriture dé-
signant un registre de limite correspondant a
I'espace mémoire a combinaison d’écriture ; et
une unité de déclaration (870), congue pour ré-
gler ledit un espace mémoire a la valeur de I'at-
tribut de combinaison d’écriture.

Appareil selon la revendication 9 ou 10, dans lequel
la premiére unité de détermination (810) est spécia-
lement congue pour :

vérifier un bit indicateur d’attribut de combinai-
son d’écriture d’un dispositif lorsqu’il est déter-
miné qu’une ressource exigée par le dispositif
est un espace mémoire ; et

déterminer sile type delaressource du dispositif
est un espace mémoire a combinaison d’écritu-
re, d’aprés le bit indicateur d’attribut de combi-
naison d’écriture.

Appareil selon la revendication 11, dans lequel au
moins un bit parmi les troisieme a sixiéme bits d’'un
registre d’adresse de base du dispositif est préala-
blement positionné a la valeur du bit indicateur d’at-
tribut de combinaison d’écriture du dispositif ; et

la premiere unité de détermination (810) met en
oeuvre la vérification du bit indicateur d’attribut de
combinaison d’écriture du dispositif de la maniére
suivante : en vérifiant le bit indicateur d’attribut de
combinaison d’écriture dans le registre d’adresse de
base du dispositif.

Appareil selon I'une quelconque des revendications
9 a 12, comprenant également : une unité de déter-
mination, congue pour, une fois que I'exploration des
ressources de tous les dispositifs est terminée et
avant qu’un espace mémoire ne soit attribué con-
jointement atous les premiers dispositifs, déterminer
si une taille totale des espaces mémoire libres situés
a la suite de I'adresse de début n’est pas inférieure
alataille totale des espaces mémoire a combinaison
d’écriture exigés par tous les premiers dispositifs ; et
de maniére correspondante, l'unité d’attribution
étant spécialement congue pour : lorsque l'unité de
détermination détermine que la taille totale des es-
paces mémoire libres situés a la suite de I'adresse
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de début n’est pas inférieure a la taille totale des
espaces mémoire a combinaison d’écriture exigés
par tous les premiers dispositifs, attribuer, a partir
de I'adresse de début, ledit un espace mémoire con-
jointement a tous les premiers dispositifs en fonction
de la taille totale, et attribuer, a partir dudit un espace
mémoire, un sous-espace mémoire a chaque pre-
mier dispositif en fonction de la taille de la ressource
exigée par chaque premier dispositif.

Appareil selon 'une quelconque des revendications
9 a 13, dans lequel la troisi€me unité de détermina-
tion (830) est spécialement congue pour :

acquérir une adresse mémoire préalablement
stockée et utiliser 'adresse mémoire comme
adresse de début ; ou

d’aprés la plage de décodage d’adresse maxi-
male supportée par une CPU, utiliser une adres-
se correspondant a un taux prédéfini de la plage
de décodage d’adresse maximale comme
adresse de début ; ou

utiliser une adresse mémoire située a la suite
d’'un espace mémoire correspondant a un mo-
dule de mémoire de caractéristiques supérieu-
res et située a une longueur prédéfinie de l'es-
pace mémoire correspondant au module de mé-
moire de caractéristiques supérieures comme
adresse de début.

Appareil selon 'une quelconque des revendications
9 a 14, dans lequel l'unité d’attribution (840) est éga-
lement congue pour : aprés l'attribution dudit un es-
pace mémoire conjointement a tous les premiers dis-
positifs, régler une taille dudit un espace mémoire
selon une regle d’'une puissance entiere de 2 ; et
régler une adresse de début dudit un espace mé-
moire selon une régle d’alignement d’adresses.

Appareil selon 'une quelconque des revendications
9 a 15, dans lequel l'unité de déclaration (870) est
spécialement congue pour :

appeler une interface fournie par un systéme
d’exploitation et marquer, au moyen de l'inter-
face, un attribut correspondant audit un espace
mémoire dans une CPU comme attribut de com-
binaison d’'écriture ; ou

appeler une interface fournie par un BIOS et
marquer, au moyen de I'interface, un attribut cor-
respondant audit un espace mémoire dans la
CPU comme attribut de combinaison d’écriture.

Systeme, comprenant une CPU comprenant un ap-
pareil pour attribuer un espace mémoire ayant un
attribut de combinaison d’écriture selon I'une quel-
conque des revendications 9 a 16, une mémoire et
un bus de transmission de données, les données
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bus de transmission de données.
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linux-a0fp:~ # cat /proc/mtrr

reg00:base=0x00000000( OMB), size=32768MB; write-back, count=1
reg01:base=0x800000000(32768MB), size=16384MB; write-back, count=1
reg02:base=0xc00000000(49152MB), size=1024MB; write-back, count=1
reg03:base=0xc0000000(3072MB), size=1024MB; uncachable, count=1
reg04:base=0xbf800000(3064MB), size=  8MB; uncachable, count=1

linux-aOfp:~ #

FIG. 2
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linux-z8qs:~ # cat /proc/mtrr

reg00:base=0x00000000(  OMB), size= 2048MB; write-back, count=1
reg01:base=0x80000000(2048MB), size=1024MB; write-back, count=1
reg02:base=0xc0000000(3072MB), size=256MB; write-back, count=1
reg03:base=0xd0000000(3328MB), size=256MB; write-combining, count=2
reg04:base=0xe0000000(3584MB), size= 512MB; write-back, count=1
reg05:base=0x100000000(4096MB), size= 4096MB; write-back, count=1
reg06:base=0x200000000(8192MB), size= 8192MB; write-back, count=1
reg07:base=0x400000000(16384MB), size=16384MB; write-back, count=1
reg08:base=0x800000000(32768MB), size=16384MB; write-back, count=1
reg09:base=0xc00000000(49152MB), size=1024MB; write-back, count=1

linux-z8qs:~ #

FIG. 3
Application
Standard library
TCP/IP protocol stack
E
5
A2
8 Software driven by a PCle switch
ACPI module PCI scanning
module
ACPI module
Bootloader Resource allocation
algorithm
Hardware
FIG. 4
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Determine, when resources of devices are
scanned, a type and a size of a resource
required by each device

After the scanning of the resources of the
devices is completed, determine a total size of
write-combine memory spaces required by all
first devices, and determine a starting address

used to allocate a write-combine memory

space to the first devices

Allocate, from the starting address, one
memory space jointly to all the first devices
according to the total size

Allocate, from the one memory space, a sub-
memory space to each first device

FIG. 5
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. . . o . 601
Preset at least one bit in the third to the sixth bits in a base address register f
of a device to a write-combine attribute flag bit of the device

.

602
A BIOS determines, by performing scanning of resources of all devices, a
type and a size of a resource required by each device

Calculate a total size of write-combine memory spaces, a total size of 603
uncacheable memory spaces, and a total size of IO resources; and determine
a starting address used to allocate a write-combine memory space to first
devices

The BIOS determines whether a size
of a free memory space subsequent to the starting address is not less
than the total size of the write-combine
nmemory spaces

Yes

604

605

The BIOS determines whether a size
of a free memory space between 2G and 4G is not less than the total
size of the uncacheable memory spaces

Yes

The BIOS determines
whether a size of free 10 resources is not less than the total size
of the 10 resources

606

Yes

v
The BIOS allocates, from the starting address, one memory space r 607
jointly to all the first devices, and allocates a sub-memory space to

each first device

v

The BIOS allocates, from the memory space between 2G and 4G, a non- /
write-combine memory space to devices

v 609

The BIOS allocates an 1O resource to a device whose resource type /-
is the 10 resource
Y 610

The BIOS configures a base station register of each device f
according to a result of the resource allocation

v

The BIOS configures base address registers and limit registers for f 611
an RC according to the result of the resource allocation

v — 612
The BIOS sets the one memory space allocated jointly to the first /-
devices to a write-combine attribute

608

FIG. 6
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00=32 bit decoder, which may be located at any place of a lower part of a 4 GB space
01=Reserved

10=64 bit decoder, which may be located at any place of a 264 memory space (implying
that this register is 64-bit wide and needs to occupy a next double byte and this double
byte of a configuration space)

11=Reserved

Memory space indicator

FIG 6A
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resource required by the device is
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The BIOS determines whether the 703

memory space required by the device has
a write-combine memory space
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No v 704
The BIOS determines that a type of the resource required
by the device is a write-combine memory space

705

The BIOS determines that a tyﬁe of the resource required
by the device is an uncacheable memory space

706

oy

The BIOS determines that a type of the resource required

by the device is an 10 resource

FIG. 7
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